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Abstract — This article presents a study of the
advantages of virtual technologies in health education,
as well as an attempt to answer the following questions.
How XR could improve the educational process by
boosting the current ratio of students to lecturers while
maintaining the same level of efficacy. How XR
technologies could provide access to critical knowledge
around the clock without interfering with the workflow
of healthcare facilities and without exposing patients to
any undue risk. The practical application of a 360°
virtual world for a clinical laboratory, central
laboratory for sterilization and a virtual operating
room all in partnership between the Healthcare
Department of Angel Kanchev University of Ruse, The
Yatrus Foundation IT Specialists and University
Multidisciplinary Hospital for Active Treatment
Kanev, Ruse. The virtual reality allows the trainees to
explore, to make mistakes and learn from them before
ultimately applying the real procedure on a patient.

Keywords — nurse, training, augmented reality,
virtual reality, 360-degree training environments.

1. Introduction

The virtual technologies enter rapidly in our daily
routine — in the way of communication, training and
the working environment.
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The EC has approved a Learning Action Plan for
introducing  both  the informational and
communication technologies in education. The main
goals of this plan are: Developing new standards of
training and providing high- quality education
system, via creating a virtual European educational
space [4]. The Bulgarian education system is based
on good traditions, and the experience of the
European Community.

The use of virtual worlds in electronic education is
quite significant for encouraging the constructive
education process. The virtual world provides a new
type of interactions and better training practices. The
popularity of computer games among children today,
and the virtual worlds’ educational possibilities, do
favour the inclusion of XR technologies in the
training process. The specially designed virtual
milieus for education comprise spheres in which lots
of trainees interact with each other in a virtual 3D
world, pursuing a specific educational goal. The
training process may be held in a virtual
environment, quite similar to the real one, or
according to a certain scenario, similar to roleplays
[10].

Training in medical specialties is most often
carried out as the trainer demonstrates and the
student repeats the shown technique or action. This
learning process is traditionally conducted in the
context of real patient care, which inevitably leads to
the risk of increasing medical errors as the learner
practices his skills. In the last two decades, simulated
environments have been used in medical education as
a way to increase the competence of students and at
the same time reduce medical errors. This way of
learning not only increases the safety of patients, but
also improves the clinical skills of the learner,
allowing multiple repetitions of the intended skills,
combined with specific and informative feedback,
which leads to better acquisition of skills. It has been

proven that simulation improves teamwork,
performing high-risk activities in the training of
anaesthesiology, surgery, obstetrics, emergency

medicine, paediatrics, resuscitation etc. [12].
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Although learning through medical simulation is
an effective and well-established learning tool, a
number of researchers also point out their
shortcomings [3], [9].

Virtual reality (VR) based medical education offers
the potential to solve a number of problems arising
from traditional simulation constraints. VR allows
learners to immerse themselves in an authentic and
accessible clinical scenario using 360-degree video
VR and audio technology (cineVR) without
compromising patient safety [6], [13].

Unlike traditional simulation, 360-degree video
education provides flexibility, independent learning,
and an unlimited number of opportunities to practice
and improve teamwork and practical skills applied to
patients. The learner interacts with the virtual and
authentic real-world environment of 360-degree
video, and this allows learners to gain knowledge of
the clinical environment before the actual visit. An
increasing number of academic medical structures
are using VR to enrich their curricula [1], [2], [5],
[11].

Unfortunately, the training process of the Health
care is one of those sectors in Bulgaria, in which the
virtual innovations are still very little applied. The
tutors of health care apply different innovative and
interactive methods, in order to improve the quality
of education and its effectiveness. Video films are
used in the training of philosophy and introduction in
nurse cares, cases and clinical ones [14], mind maps,
and problem-based training. In the training process of
palliative care, specially developed protocols of
monitoring clinical symptoms are used, standardized
scales for assessment of pain, assessment of risk of
decubitus, etc. For assessing skills, protocols are
being developed and applied.

The project FUTURE EDU of the University of
Applied Science in Savonia, Finland, Foundation
Yatrus, in partnership with the Chair of Health care
in the Ruse University of Angel Kanchev, is aimed at
creating virtual environments, which allow training
process regardless of place and time, lifelong training
for professionals and online training in a realistic
environment. Those environments improve both the
diversity of training, and the quality of health
education. The virtual academic environments use
real spheres that cope with professional life, by
taking the opportunities of different types of XR
technologies. The growing shortage of certified
health professionals on the labour market, requires
improvement of quality, as well as increasing the
access to education. Extended XR and virtual reality
(VR) are seldom used in healthcare education,
especially in the nurse education. The academic
environments that use these new technologies, do
expand the traditional methods. They provide safe
working environment, and safety for the patients.
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This way the participants get a feedback for their
representation, and point out exactly what is learned
properly, and what needs to be improved. The studies
also show that by observing other exercises, one can
also learn well, so this is a versatile method of
training. The traditional forms and means of training
nurses will be diversified with web-based clinical
instructions, and virtual-based environments. This
will change our teaching strategy and affect the
curriculum of nurse education, thus bringing new
possibilities of training without interrupting work [8].

2. Statement

The goal of the current scientific report is to
introduce the advantages of virtual technologies in
the training of Health care, and trying to answer a
number of questions, concerning the problems of the
professional field:

» How will the professions of Nurse and Midwife
be more accessible, attractive and safe for the
students, by introducing those technologies?

» How will XR facilitate the training process and
increase one tutor’s capacity to train more
students simultaneously?

* How will the XR technologies increase the 24-
hour access of the information needed, without
overloading the working process in hospitals?

The tasks of the current report are the
following:

» Explaining the differences between the various
types of realities, used in the medical training
process.

=  Determining the benefits of digitalization of the
hospital environments.

= A practical application: introduction of 360-
degree environments in the partnership of tutors
from the University of Applied Science in
Savonia, the Ruse University Angel Kanchev, IT
specialists from Foundation Yatrus, and the
University Hospital Kanev in Ruse.

Extended Reality
]
I 1

0 0 0 0

Real Life

Augmented Reality ~ Mixed Reality Virtual Reality

This s the real, physica
life around us in the:
world (not digital).

This is the technalogy which This is the merging of both
overlays digital information onto  the real world and the digital
the real world, world.

This is the immersing of a
user in a completely
dighal world,

Figure 1. Types of realities

XR is defined as a main term used to describe the
so-called “dipping” technologies, which can
combine both the real and the virtual world. They are
the well-known today: VR (virtual reality), AR
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(augmented reality) AD (added reality) and MR
(mixed reality) plus those that are about to be
developed. All those technologies expand the reality
which we study.

In the two ends of the line of reality are positioned
both the real life RL and virtual reality VR (Figure
1.). RL is everything surrounding us, all that we can
see, touch, feel aroma and contact. All our
interactions in RL have aftermath. VR is the absolute
opposite of it:

* VR is a fully digital environment. The user needs
to put on VR headphones and/or mounted display
in order to receive a 360-degree view of the
virtual world. This way the user may have “the
feeling that he’s there”.

= AR expands the real life with digital details such
as photos, text, video, animations, etc. The
virtual information and objects lay onto the real
world, that is, the users can interact with real life
and see what’s happening before them. Access
can be made via AR goggles or either screens,
tablets and smartphones.

= MR is the newest “dipping” technology. In
mixed reality, the real world and the virtual one
can interact with each other in real time. MR
headphones are required for one to experience
this. The dip is defined as if it “surrounds the
player, the audience etc., so they could feel as
like they’re fully engaged with something”.

= The 360-degree video clips are records in which
a view is recorded in a number of directions at
one and the same time. 360-degree video clips
are often called dipping video clips or spherical
video clips. They’re usually shot with a
specialized undirected camera, or few separately
connected cameras, mounted like a spherical
massive. 360-degree video clips can be either
interactive, or non-interactive. The non-
interactive 360-degree videos cannot influence
the viewer’s experience, whereas the interactive
ones can interact with the elements, using either
a look or a controller.

VR is an instrument used as a high-technology
solution in the field of health care, for improving
medical education. The continuing post-graduate
training in the field of health care is of high
importance for the medical specialists. The health
industry develops constantly, new techniques and
technologies appear, which necessitates the medical
specialists to regularly follow those innovations, so
they could expand both their skills and knowledge.

Application of VR technologies in developing
scenarios for simulation of trauma and
emergency. Working in emergency wards requires
skills, quick thinking and the ability to function
under high stress. At the emergency ward in Stanford
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in a new simulation of training, a VR scenario is
developed which puts the doctor in a situation where
a patient needs immediate medical aid, but the doctor
is being interrupted 12 times during the patients’
check-up. The goal is to recreate this in real life,
where the physicians are faced with this scenario,
and such interruptions may increase the risk of
errors. Using the VR, they can practice and be
trained to solve a lot of cases in a busy, high-risk and
stress environment.

AR as an aid during work/practice/training. AR
applications provide information in real time that is
focused on physical objects, which simplifies the
process of perceiving the information. How exactly
will the expanded reality find its way in practical
exercises in the anatomy of the digestive system,
where the lectures are usually given with static or
printed images. Any student can direct a screen
toward a physical object or even AR marker, so he
can see the content in graphic animation. By this
method, the learning process raises up to 40%, and
the logical connections between a subject and some
information about it in the brain become much more
durable [7].

Developing 360-degree environments for
training purposes — shooting of hospital
environments. One of the main problems in entering
a real hospital environment is that the students’
groups need not consist of more than 6-8 students
who have to be present meanwhile in an operating
room, clinical lab, sterilization lab, etc., without that
foiling the quality of performing both the working
and the training process. This, on the other hand,
leads to organization of multiple visits, repetition of
one and the same information for each separate
group, as well as high expenses on providing safety
on both the students, and the environment. The
hospital is a place of high intensity of work, and
every day is different than yesterday, which leads to
extreme situations following the training process, to
its impossibility for holding it.

A team of agents from the University of Applied
Science in Savonia, Finland, Foundation Yatrus, and
tutors from the Chair of Health care and from the
University Hospital Kanev, are putting the finishing
touches on three different 360-degree environments,
for training purposes.

360-degree environment for
Matterport and Thinglink:

training in

= A safe walk in a clinical lab;
= A central sterilization lab;
» A virtual operating room.

Materials and methods: Technical support for
developing 360-degree environments for training
purposes:
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= A 360-degree camera — there’s a big variety of
cameras in the global market. Some of the best
ones for 2020 are: Insta 360, RICHOH THETA
Z1 and Matterport pro 2. The environments
created in the University Hospital Kanev in Ruse
are shot with RICHOH THETA V, the best 360
camera for 2019.

= A smartphone cell phone with a 360-degree
camera management software, aiming to avoid
the presence of people in the footage. The
cameras are equipped with a wi-fi connection to
which the phone is linked. Every producer
provides a software for camera management that
allows setting corrections such as: HDR, ISO,
EV, in order to attain the best quality of the
picture.

= A stand — it’s important for it to have indexes
that show its levelling. The goal is for the photo
to have a perfectly right horizon, it’s of great
importance if the environment is to be visualized
by VR goggles. The lack of photo levelling
would cause vertigo and no feeling of balance for
the one wearing those VR goggles.

Photo-processing software:

Photoshop: its latest versions allow easy dealing
with 360-degree photos. Either a text or images may
be added without the photos being curved
subsequently in visualizing the complete 360-degree
environment. Photoshop also provides the possibility
of removing unwanted elements from the flash such
as the stand, passers-by (if the photos are taken
outdoors).

Thinglink — an online platform designed for
creating an interactive 360-degree environment. The
photos are first uploaded as a 360 image/video, and
then linked to interactive points that allow transition
from frame to frame, aiming to represent a virtual
stroll. The platform also gives the possibility of
adding interactive points containing: a text, photos,
drawings, video, link (leading to additional
information), as well as integrating a closed-answer
test. The environments are accessible via smartphone
cell phone, computer, laptop, tablet, and VR goggles.
The device needs to have Internet access, and you to
have an access link. The environments are best
operated via computer and tablet, but it’s absolutely
no problem for one to interact with them through the
phone, too. For visualization through VR goggles, a
little more experience is necessary to deal with the
environments’ navigation.

360-degree environment for training in Matterport
and Thinglink: The central sterilization room is
assembled on 8 individual 360-degree photos, it’s got
more than 15 text informational points, denoted with
blue book and 6 videos showing the sterilization
process (Figure 2.).
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The operating room (Figure 4.) and the Clinical lab
(Figure 3.) are shot at the University Hospital Kanev,
while the information for each of the informational
points is being provided by the Chair of Health care.

Figure 2. 360- degree environment for training in
Matterport and Thinglink: Central sterilization

Figure 3. 360- degree environment for training in
Matterport and Thinglink: Clinical lab

Figure 4. 360-degree environment for training in
Matterport and Thinglink: Operating room

3. Conclusion

The effective mastering of knowledge will allow
the nurses learning to perform interdisciplinary links
concerning the scientific theoretical facts, to analyse
and synthesize information, to make correct
assessments, to develop clinical way of thinking, to
apply theoretical knowledge in practical training, to
suggest solutions to specific problems, and to link
what they have already learned with new knowledge.
The training is bound with clinical practice from the
very first semester on, this requires active, constant
and effective learning, and exercise of practical
skills.
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The advantages of the 360-degree shooting of
hospital environments, does not aim complete
substitution of practical training in a real
environment, just its optimization. The other
important advantage is the opportunity for the
students to get general information of the hospital
environment, which allows faster implementation of
the practical exercises that require multiple
reiterations, as well as tutor’s explanations.

The use of the VR for medical training has great
potential in the teaching process of the nurses, aimed
at learning a number of procedures and
manipulations, which are to be performed perfectly,
safely and quickly enough. By using the XR
technologies, the students can perform those
procedures in a completely captivating simulation,
which produces scenarios from the real world. XR
technologies do assist the traditional training process,
thus giving the opportunity for doing as much
repetitions as needed for learning a technique or
algorithm of medical activity, before applying it to a
patient. The students are traditionally trained by
dummies, by specially designed training software,
clinical cases in real environment, as well as other
resources of practical training. All of these resources
have their proven unvarying place, but can be
successfully expanded by the VR. The virtual reality
allows the trainees to explore, to make mistakes and
learn from them before ultimately applying the real
procedure on a patient.

The created 360-degree environments are used in
the education of students majoring in Nursing. The
results of the conducted research for:

= the effective acquisition of knowledge, formation
of skills and competencies in the field of

organization and work of the sterilization
department, operating room and clinical
laboratory;

= degree of perception of the provided information;

= students' satisfaction with the training with 360-
degree environments;

» opportunities for learning not only in the
regulated study time.

Will be published in the next scientific publication.
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